Recently, Batista et al. (2001) applied scaling data to analyze the behavior of some hipsometric models in an uneven-aged forest formation, constituted by Tabebuia cassinoides caixetais). However, for practical purposes, the behavior of equations must be analyzed when applied in forest inventory plots.
Modeling the hypsometric relation using only the information obtained from some inventory plot trees is justifiable since, in general, scaling is performed through selective procedure of tree sampling and inventory is performed by means of casual or systematic sampling. Thus, it is fair to state that the h and d 1,3 pairs obtained from the plots are more representative for inventory purposes. In this case, the variable h is obtained by using some type of hypsometer; therefore, measuring errors certainly will occur.
On the other hand, information on h obtained scaled trees is non-sampling error-free since the measurement is made after the trees are felled, using a tapeline; therefore, this is the exact information of h. Consequently, the following questions arise: a) In order to estimate the hypsometric equations, can the grouping of the h and d 1,3 data obtained in scaling and inventory plots be preferable to using the h and d 1,3 data obtained only in the plots? b) Using the grouping of h and d 1,3 data obtained in scaling and in the plots, is it possible to reduce the number of trees in which h must be measured by plot without compromising the accuracy in estimating h in the inventory plot trees ?
The aim of this study is to find the answers to these questions.
MATERIAL AND METHODS
Data on h and d 1,3 were obtained by scaling 188 felled trees and by measuring the first 20 trees of 25 plots of a continuous forest inventory conducted in a 6-year-old eucalypt stand. These data were used to estimate the hipsometric equations shown in Table 1 , which, according to Curtis (1967) , refer to the Henricksen (hk), Mishailof (mf), Stofell and Van Soest (svs), prodan (pn) and Staebler (sr) models, besides the curtis (cs) model, the straight line model (ra) and logarithmization of a model presented in Curtis (ha) .
To evaluate the hypsometric models presented in Table 1 , residue analysis was performed by means of graphics and the following statistical criteria: S(y i y i ) = Residual standard error between y i and y i ; P = exactness obtained by the Qui-square test (Freese, 1960) ; and Xn 2 = Qui-square plotted for n freedom degrees at 95% probability.
The statistical criteria above were used to classify the models by attributing weight 1 to the best model, weight 2 to the model ranked second and successively up to the last evaluated model. The final result was grouped in the weighted mean generating a mean percent (MP %) obtained by:
The three best models selected were fitted by using the h and d 1,3 data obtained from the five and ten first trees in each of the 25 plots, respectively designated 
5 tree-sampling and 10 tree-sampling. The F Ho test with Dummy variables was adopted (Leite and Andrade, 2003) , to analyze the use of the h and d1,3 of data obtained in these samplings grouped to the 188 tree scaling data as well as per diameter class. The statistics The F Ho test was applied to evaluate the following hypotheses:
1) A hypsometric equation such as h = f(d 1,3 ) must be estimated using the h and d 1,3 data measured in the plots of a forest inventory grouped to the h and d 1,3 data measured in the scaling.
A hypsometric equation such as h=f(d1,3) must not be estimated using the h and d1,3 data separated by diameter class.
To decide the best model, following the F (Ho) test analysis, the F test of Graybill was applied according to procedure by Guimarães (1994) , However, when significance of this test occurred, an equation was considered ideal when a PDM lower than 1% and correlation coefficient ( r yy ) higher than 85% were obtained.
RESULTS AND DISCUSSION
The statistics obtained after fitting the hypsometric evaluated models are presented in Table 2 , along with the mean percent (MP) and the fitted coefficient of determination ( ).
Based on the analysis of the MP statistics and residue graphics, the models referring to the equations that ranked up to third, i.e., sr, cs, hk and pn, respectively, were selected for representing the lowest MP statistic values and the best residue distribution.
To choose the best hypsometric model, a complementary analysis on the biological behavior was carried out using data from the 25 plots (Figure 1 ). The sr model was not found to be adequate for use in trees with d1,3 higher than 35 cm, approximately, since after this diameter, tree height estimate tends to decrease and a positive horizontal asymptote tends to stabilize as expected, as observed in models mf and ha.
Models hk and pn must not be used in trees with d 1,3 smaller than 4 cm, approximately, since the estimated tree height results in a negative value and what is rather expected is the behavior described for the models mf and ha, which is biologically compatible with reality, since tree height is characterized with a sigmoid curve. In contrast, model svs behavior tends to be inadequate as tree diameter increases similarly to model ra. Finally, models cs, pn and hk were found to be biologically adequate in relation to the expected tree height behavior as diameter increases.
Considering the biological interpretation (Figure 1) , the behavior of models mf and ha prove to be important when considered for tree height estimation, since they present a sigmoid curve; however, the height dispersion observed around that curve shows a strong tendency to underestimate the height of trees with a diameter over 19 cm and overestimates the height of trees with diameters under 11 cm, approximately. This tendency is also observed in the other hypsometric models but with better behavior for models cs, pn and hk. Hipsometric relationship modeling using...
R
Models must not be used since, biologically, tree height behavior is not a straight line, while model sr must not be used since it results in great errors for trees with larger diameters, imposing a greater influence on the bias of a forest inventory than errors in smaller diameters, as is the case of models hk and pn.
Models mf and ha were excluded because they presented the same problem model sr did when estimating trees with larger diameters, though being biologically compatible. Thus, to decide for the three best hypsometric models, it was necessary to adopt the criterion of mean percent obtained per diameter class, defined as: class 1 for d 1,3 < = 11 cm, class 2 for 11 cm < d 1,3 <= 19 cm and class 3 for d 1,3 > 19 cm. The results obtained are shown in Table 3 .
The results presented in Table 3 show that the three best models are cs, svs and pn, respectively. Figure 2 presents residue distribution and curve tendency for these three models. Models cs and pn are not recommended to be used in trees with d1,3 < 4 cm, approximately, for diameter classes 1 and 2, while in class 3, only model pn was found to have this problem. The three models presented the same residue dispersion around their curve.
Following the selection of models pn, cs and svs, their fitting was analyzed by using the h and d 1,3 data obtained in the 5 tree-sampling and 10 tree-sampling plus the 188 tree scaling data. The result obtained by applying the test was non-significance in all the models at 5% probability; thus it allowed hypothesis 1 to be accepted, It can be inferred at 95% probability that it is possible to estimate a single hypsometric equation by applying the h and d 1,3 data measured in the inventory plots grouped to the h and d 1,3 data measured in the scaling.
The hypsometric equation estimation using the h and d 1,3 data obtained in the plots and scaling also needed to be verified as well as whether it must be carried out separately per diameter class or by using all the classes containing the h and d 1,3 data in a single plot. In this case, by applying the F Ho test, significance was obtained in all the models at 5% probability, leading to the rejection of hypothesis 2. This allows inference, at 95% probability, that a hypsometric equation must be estimated by using the h an d 1,3 data measured in the plots and in the scaling separately, per diameter class. The statistics obtained in this fitting are presented in Table 4 .
Using the estimates presented in Table 4 , models cs, pn and svs were evaluated by applying the equations generated from different data of the 10 trees selected in the 25 plots. The results are presented in Table 5 , showing that the 5 tree-sampling is not adequate for the use of models pn and svs, since the F(H 0 ) test was significant with a high PDM value. In the other hypsometric relationship samplings, the three selected models were found to be adequate F(H 0 ) ns .
Compared to the 5 tree-sampling , the 10 treesampling plus the scaling data proved to be the most adequate to replace the 20 tree-sampling, since it resulted in dispersion closest to the 20 tree-sampling (Figure 3) . Table 3 -Mean percentile obtained for the evaluated hypsometric models, separately, per diameter class using the h and d 1,3 data obtained in the 20 first trees of 25 plots where: 1 = first place, 2 = second place and 3 = third place. Tabela 3 -Percentual médio obtido dos modelos hipsométricos avaliados, separadamente, por classe de diâmetro utilizando os dados de h e d 1,3 obtidos em 20 primeiras árvores de 25 parcelas, em que 1 = primeiro lugar, 2 = segundo lugar e 3 = terceiro lugar. Thus, the number of trees to have h and d 1,3 measured in the plots of an inventory to group them into the h and d 1,3 data measured in the scaling separately from the diameter class, is reduced by 50%.
Considering that the 10 tree-sampling grouped to the scaling data was the one closest to the 20 treesampling (Figure 3) , selection of the best model was focused on that sampling. Since model pn presented It must be emphasized that although only functional relationships of type h = f(d 1,3 ) were used, this study can be easily adapted to the application of functional relationships, including other independent variables such as height and diameter of dominant trees, site index, age, etc.., that, hypothetically, may lead to better results in the characterization of the hypsometric relationship of even-aged forest stands.
CONCLUSIONS
The hypsometric relationship modeling analyses using h and d 1,3 data sampled in the plots and scaling allowed a conclusion that:
Preference should be given to hypsometric equations using h and d 1,3 data sampled in plots grouped into the scaling sampled data, separately, per diameter class.
Using the 10 tree-sampling to group into scaling data was better than using the 5 tree-sampling to replace the 20 tree-sampling per plot;
Using a data base constituted by h and d 1,3 data sampled in the scaling and in the plots of an inventory results in hypsometric equations with good stability and expressive reduction of the number of sample-trees in the plots without hindering the accuracy of the hypsometric curve obtained.
